In view of the depleting oil reserves and exponential rise in petroleum prices, the search for alternative sources of fuel is very timely and important. The present paper addresses the underlying issues in biodiesel production from biomaterials and sustainable production and supply of first generation biofuels, especially the one from jatropha. The agencies and research institutions involved in the production of biofuels and the national and international efforts m a d e in this regard are discussed here. There is also a dire need of a step towards largescale production and supply of second generation biofuels, although in infant stage, to strengthen the w orld econo m y in general and Indian econo m y in particular. H o w e v er, the production of biofuels are likely to have serious socioecono mic implications especially to the lesser developed societies. This needs serious attention from policy m a k ers and public at large.
Introduction
To cater to the increasing transport requirements of the rising population, the nu m b er of auto m o biles has risen in w orld in general and India in particular after the general econo mic liberalization in the country in the early 1990s (Mohanraj and Azeez 2005) . Since the 1970s, the world's attention has been focused on depleting oil reserves, rising de m a n d for petroleu m products and the consequent hike in petroleum prices. It appears that the price of crude oil will remain increasing and volatile for a long time to co m e; the price w as U S $ 3.05 in 1973, currently hovering around U S $ 90 per barrel. O ur dependence on petroleum for fuelling the transportation and other sectors of hu m a n activity threatens energy security and affects the environ m e nt and the growth of w orld econo m y. Further, the politics of oil have caused m ost of the international conflicts in the last few decades, and left millions of people dead and m a n y m ore disabled. The issue of energy security led govern m e nts and researchers to look for alternate m e a ns of rene wable and environ m e ntfriendly fuels. Biofuel has been one of the pro mising, and econo mically viable alternatives. Developing the technology to produce and use biofuels will create fuel options that can positively influence establishing a safer, cleaner and sustainable alternative to petroleum. G o n e are the days of growing edible crops just for food; no w there are crops from which fuel can be extracted and taken to the fuel tank. Ho w e ver, the growing interest in biofuels, if not appropriately regulated and m a n a g e d is likely to deprive lesser developed billions of peoples of their food crops.
So far as biofuels are not based on m az e or other food crops and so far as cultivation of the biofuels do not lead to diversion of lands available for food crops pro m otion of biofuels are w elco m e.
The concept of biofuel dates back to 1885 when Dr. Rud olf Diesel built the first diesel co m pression ignition engine with full intention of running it on vegetative source (Shay 1993) . In 1912, he observed, " … the use of vegetable oils for engine fuels m a y see m insignificant today. But such oils m a y in the course of time beco m e as important as petroleum and the coal tar products of present time." Ho w e v er, due to cheap petroleum products, and probably due to econo mic might of the cartels, investigations of such nonconventional fuels never took off to offer any viable ideas. animal fats, which is a do m e stic rene wable fuel for diesel engines and which m e ets the international specifications (AST M D 6751)." Biodiesel, derived from the oils and fats of plants like soybean, cotton, sunflower, jojoba, rapeseed , canola, Jatropha curcas (Peterson et al. 1983 , Schlautman et al. 1986 , Yong 1998 , Alhasan et al. 2005 ) and animal fat can be used as a substitute or an additive to diesel. It has almost no Sulphur and has about 10 % built in oxygen. As an alternative fuel, biodiesel can provide po w er similar to conventional diesel fuel. The conversion process of vegetable oil into biodiesel is very efficient, in nearly 1to1 ratio, which m e a ns 1 gallon of vegetable oil will produce almost 1 gallon of biodiesel. Biodiesel can be used at a 100 percent level or mixed with diesel at any rate. Pure or 100 per cent biofuel is designated as B X X wh ere X X indicates the volumetric percentage 
Biodiesel: Characteristics and Specifications
As biodiesel is produced from a wide variety of vegetable oils of varying origin and quality, it was necessary to imple me nt criteria for standardization of fuel quality for better engine performance. Austria w as the pioneering country in the w orld to define and approve the standards for rapeseed oil m ethyl esters as diesel fuel (Meher et al. 2006 ). As standardization is a prerequisite for quality control, certain para m eters are considered for the purpose, of which cetane nu m b er and fuel viscosity are important ones. The detailed physical attributes of biodiesel produced following the transesterification process given in Table 1 and Table 2 depicts the vegetable oil specific para m eters and the corresponding value of fatty acid m ethyl esters according to select countries. Source: Mittelbach (1996) , M e h er et al. (2006) 
Selection Process for Biofuel Production
As investigated by several researchers, there are m a ny plants, w hich contain hydrocarbons and other substances close to petroleum in their che mical co m p osition. Such plant species are co m m o n in Asia and Pacific region (Ananthakrishnan 1982 • Jatropha grows readily from plant cuttings or seeds up to the height of 35 m.
• Jatropha is not considered a good forage m aterial and hence is generally grown as a live fence for protection of agricultural fields from da m a g e by livestock
• The seed oil is also reported to possess insecticidal, m olluscicidal, fungicidal and ne m aticidal properties.
• The plant is highly pest and disease resistant.
• Various parts of the plant are of m e dicinal value, its bark contains tannin, the flowers attract bees and thus the plant has honey production potential.
• Jatropha helps in sequestration of atmospheric carbon and assists in the build up of total soil carbon.
• Being rich in nitrogen, the seed cake is excellent organic m a n ure.
The Jatropha suffers from certain limiting factors, w hich need to be kept in mind w hile dealing with the species. These are as follows:
• Jatropha cannot be grown on waterlogged lands and slopes exceeding 30 degree.
• • Jatropha seeds are hard and toxic.
• The golden flea beetle (Podagrica sp.) can har m particularly young plants.
• Jatropha is also a host to the fungus ' frogeye' (Cercospera sp.), co m m o n in tobacco.
Jatropha Cultivation: Yield and Productivity
Apart from planting the seeds, Jatropha can be propagated vegetatively. Use of branch cutting for propagation results in rapid growth and the bush can be expected In India, the Jatropha system hypothesizes that it creates a positive reciprocity between raw m aterial / energy production and environ me nt / food production, i.e., the m ore energy Jatropha hedges produce the m ore food crops are protected from animals and erosion. In addition, additional inco me is created, m ainly for w o m e n.
The plantation has been planned in a total of 4,00,000 hectares of land in the country with the specific objectives of (i) increasing the yield of Jatropha plants by using good planting m aterial, (ii) selection of varieties / strains, which have m ore seed content, and (iii) develop m e nt of processing techniques, w hich results in m a xi m u m oil recovery from seeds.
Production of Biodiesel from Jatropha
The production of biodiesel from Jatropha is a system atic process starting from seed preparation to processing and filtration of oil. The process flow diagra m of this process, the transesterification process, is given in Figure 1 
Byproducts
Although the use of biodiesel see m s to be pro mising one, unless the by and co products could be utilized and m arketed on a large scale, the farmers cannot be 
Advantages of Biodiesel
The advantages of biodiesel are enu m erated hereunder:
•Biodiesel is nontoxic and ecofriendly, as it produces substantially less carbon m o n oxide and 100 per cent less sulfur dioxide e missions with no unburnt hydrocarbons, m a king it thus an ideal fuel for heavily polluted cities (H of m a n et al.
).
•Biodiesel reduces particulate m atter content in the a m bient air and hence reduces air toxicity (Coltrain 2002) . It provides a 90 per cent reduction in cancer risks and neonatal defects due to its less polluting co m b ustion.
•Co m p ared with a spill of petroleu m diesel, ho w ever, the da m a g e w ould be less, both because the toxicity of biodiesel to living organisms is less and because it degrades twice as quickly in the environ m e nt (Zhang et al. 1998 ).
•Biodiesel is biodegradable and renewable in nature.
•Biodiesel can be used alone or mixed in any ratio with conventional diesel. The preferred ratio of mixture ranges from 5 to 20 per cent (Hofman et al. 2006 ).
•Biodiesel extends the life of diesel engines.
•Biodiesel could be cheaper than conventional diesel and hence has good potential for rural e m ploy m e nt generation (Kurki et al. 2006) .
Biodiesel: The Energy Balance
The net energy balance of various ethanol and biodiesel feedstock has been a center of debate within scientific and policy circles. The energy balance denotes to "a co m p arison of the energy stored in a fuel to the energy required to grow, process and distribute that fuel" (Tickell 2000 • Biodiesel provides an energy yield of 3.2 (soybean oil).
• Bioethanol provides an energy yield of 1.34.
• Petrodiesel provides an energy yield of 0.843.
• Petrogasoline provides an energy yield of 0.805.
In spite of all the above listed advantages, biodiesel is likely to pose certain environ m e ntal problems such as depletion of oxygen in aquatic syste ms (Steenblik 2006) . Being biological in nature, during oil spillage, it undergoes a series of biological degradation and depletes the available dissolved oxygen in the water bodies that would otherwise remain available to aquatic organisms. Since, trees are involved in the production of biodiesel it m a y affect the environ m e nt in the other w ay due to tree cutting and felling activities. 
The Indian Scenario
There has been greater aw areness on biodiesel in India in the recent times and i. Aat miya Biofuels Pvt. Ltd., PorVadodara , G ujarat had setup biodiesel plant with a co m m ercial production capacity of 1000 liters/day from Jatropha.
ii. 
Biodiesel: International Experiences
Several countries in the world have active biodiesel progra ms. They also have provided legislative support and have drawn up national polices on biodiesel develop m e nt. France is the w orld's largest producer of biodiesel; its conventional diesel contains 2 to 5 per cent biodiesel and that will soon apply to the wh ole of Europe. Soya based biodiesel is being produced in U S A (Schlautman et al. 1986 ).
R apeseed based biodiesel is in G er m a n y (Meher et al. 2006) . G er m a n y has m ore than 1,500 biodiesel filling stations. Sunflower based biodiesel has m a d e good success in France and U K. The full potential of jatropha is far from being realized. The Dep artment of Energy, the United States has reported that biodiesel can be produced from algae in self contained ponds using salt water and sunlight as the m ain ingredients. Production of diesel from algae could be done for far less than the current cost of diesel (Ewall 2006).
Biodiesel: Socioeconomic implications
The cultivations of biofuels species have several positive as w ell as negative socio econo mic implications. So m e of the plant species appropriate for production of biofuels are capable of growing in arid, water stressed lands. Their cultivations also is less fertilizer and che mical intensive, which m e a ns that the farmers needs to invest lesser finances in their farms and they can m a k e use of land that are not suitable for other crops including food crops. Since biofuels / biodiesel production can not be a house hold endeavor, appropriate institutional arrange m e nts have to be developed. Appropriate socially co m mitted institutions are also very essential, to ensure financial security and returns are not at the m ercy of the sponsoring biofuels producing firms or agencies.
A serious implication of the biofuels cultivation is the likelihood of good land suitable for other crops getting diverted to farm biofuels species. In the country that consu m e s the largest quantity of petroleum product and is responsible for the released of largest quantity of green house gas, the U S A, food crops such as sugar cane, corn and w heat are diverted to produce biofuel. Biofuels based on food crops is disastrous to food availability w orld over. Food Appropriate regulations needs to ensure that that type of diversions are not happening. Ho w e v er, one beco m e s very pessimistic in view of the sad plight of agriculturists in the country practicing the energy and che mical intensive farming practices and genetically m o dified crops such as BT cotton. The possible diversion of food crops for production of biofuels is also likely to deprive people of their accessibility to their food for sustenance. If cereals or land suitable for cereals are diverted for biofuels production that will lead to endanger large m asses of access to essential consu m er items or endanger their very sustenance.
Conclusion
As govern m e nts across the globe co m e to grips with global war ming, biofuels are 
